Objective: Major depressive disorder (MDD) is associated with more pain complaints and an altered pain perception. Studies regarding the longitudinal relationship between depressive symptoms and pain processing have rarely been performed and have produced inconsistent results. To clarify how short-term alleviation of depressive mood is linked to changes in pain processing, the effect of sleep deprivation (SD) on pain and somatosensory thresholds, pain complaints, and mood was investigated in MDD patients. Methods: Nineteen drug-free inpatients with Diagnostic and Statistical Manual of Mental Disorders, fourth edition, diagnosis of MDD were investigated for 3 weeks. All patients received cognitive-behavioral therapy and were randomized to obtain either additional SD therapy (six nights of total SD, separated by recovery sleep) or no SD therapy (control group). Heat/cold pain thresholds, warmth/cold thresholds, measures of current pain complaints, and mood were assessed the evening before and the morning after SD as well as before and after a normal night sleep in the control group. Long-term changes of depressive symptomatology were assessed by weekly mood ratings. Results: Both treatment groups improved markedly in mood over the 3-week treatment period. SD regularly induced a moderate but statistically nonsignificant overnight improvement of mood, which was abolished by recovery sleep. Compared with the control condition, SD significantly decreased heat pain thresholds and nearly significantly cold pain thresholds; SD significantly augmented pain complaints the next morning. No such effects were observed for somatosensory thresholds. Conclusions: SD induced differential short-term effects on mood and pain, with the patients being less depressed but more pain vulnerable.
INTRODUCTION

P
revious research has shown that depression is associated with an increased frequency of pain complaints (1) . Almost half the depressive patients also experience pain (2) . Furthermore, the severity of pain complaints in depression was found to predict a longer time to remission (3) . Although most studies have focused on the expression of spontaneous pain (clinical pain complaints), only a few studies have examined pain sensitivity in depression. Paradoxically, the majority of these studies revealed a decreased sensitivity to noxious stimuli in depressive patients compared with healthy controls (4) . The rare findings of increased pain sensitivity in depression seem to depend on specific stimulus characteristics. Patients with a major depression showed an increased responsiveness during ischemic muscle pain whereas pain sensitivity to heat and electrical stimuli remained decreased (5) . These results are partially compatible with the hypothesis that patients with depression show a decreased response to phasic cutaneous pain stimuli whereas increased pain responsiveness seems to result from the application of tonic deep somatic stimuli (6) . However, the mechanisms involved in altered pain sensitivity in depression, especially considering the findings of a decreased response to noxious stimulation, and its relationship to increased clinical pain are still unclear.
The next step to be taken is the comprehensive and precise description of the relationship between pain processing (i.e., pain sensitivity and spontaneous pain) and the core symptoms of depression (7) . In cross-sectional studies only weak correlations between measures of depressive symptomatology and pain sensitivity have been reported (5, 8) . The evidence from longitudinal studies is still preliminary. Von Knorring (9) suggests that lowered responsiveness to electrical pain stimuli during the acute stage of the disease tends to normalize after clinical recovery. A relationship between the core symptoms of depression and pain sensitivity was also found by a study of Schreiber et al. (10) , in which an electroconvulsive treatment decreased severity of depression and increased pressure pain as well as pressure pain tolerance thresholds. This result is in contrast to the study of Gormsen et al. (11) , which demonstrated significant mood improvements after electroconvulsive treatment without an altered sensitivity to noxious pressure and thermal stimuli. Bär et al. (12) observed a low responsiveness to heat pain stimuli in patients with depression during the initial stage of treatment with antidepressants as well as after recovery. Taken together, there are inconsistent findings regarding the time-course of pain sensitivity during clinical improvement of depression. The heterogeneity of the results may be due to methodological differences, such as sample selection criteria, methodology of pain threshold assessments, the kind of antidepressant treatment, or marked variations in the observation period ranging from 4 weeks (10) to 7 months (12) . However, a common characteristic of these studies is that they focused primarily on long-term changes in mood and pain, especially under treatment with antidepressant agents.
To our knowledge, no study has yet investigated whether and how an altered pain sensitivity in depression is linked to short-term variations of mood, which can occur spontaneously, for example by circadian rhythmicity (13) or day-to-day fluctuations (14) , but also in response to certain antidepressant treatment strategies.
One of the most effective short-term treatments in depression is sleep deprivation (SD) with a response rate of 40% to 60%, but the antidepressant effect of SD is only a transient one because a relapse into depression usually occurs after one night of recovery sleep or short daytime naps (for a review, see (15) ).
The main objective of the present study was to investigate the short-term effects of SD on the core symptoms of depression and pain processing. Assuming that-based on previous findings-patients with depression seem less sensitive to phasic experimental pain and that this altered pain sensitivity is state-dependent and closely linked to the affective symptoms, we hypothesized that SD produces a rapid affective amelioration, accompanied by a normalization of pain sensitivity (i.e., an increase in pain responsiveness). In considering the expected relapse into mood deterioration after recovery nights (nights without SD), we further hypothesized that the effects of SD on pain sensitivity are annulled by recovery nights. In addition to the measurement of pain sensitivity under conditions of SD therapy, current pain complaints were assessed to clarify the nature of the relationship between pain sensitivity and spontaneous pain in patients with depression. Furthermore, somatosensory thresholds were assessed to test the specificity of the hypothesized changes in pain.
The procedure of SD treatment applied included a total of six nights of SD separated by two or three nights of undisturbed sleep, which allowed for assessing the reliability of the short-term effects of SD and recovery. Because SD therapy was implemented in an intensive cognitive behavioral treatment program lasting 3 weeks, a secondary aim of the study was to investigate the affective and pain symptoms in the time-course of a treatment known for long-term effects.
METHODS Subjects
Twenty inpatients with a current Major Depressive Disorder (MDD) with either a single or a recurrent episode according to the Diagnostic and Statistical Manual of Mental Disorders criteria (7) participated in the study, which was conducted between October 2000 and September 2004. They were recruited from consecutively admitted patients for hospital treatment. To obtain a reliable diagnosis of a MDD and of other concomitant mental disorders, each patient was interviewed by an experienced psychiatrist, who used the German version of the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders (16) . Patients with a comorbid axis-I or axis-II disorder were excluded from study participation. Furthermore, suicidal tendencies before or during the study period as well as any change of diagnosis during inpatient treatment led to exclusion. Further exclusion criteria were neuropathies, disk diseases, nerve injuries at the upper extremities, endocrine disorders, dermatosis at the upper extremities, pregnancy, and shift work within 3 months or transmeridian travel within 1 month before the study. All patients were studied drug free. In case of prior medications, there was a minimal 6-day washout period, the exact duration of which was at least three times the half-life of the respective drug and its active metabolite. One patient withdrew from the study after 1 week and was excluded from statistical analyses. Table 1 shows the major clinical characteristics of the remaining 19 patients. The ethics committee of the medical faculty of the University of Marburg, Germany, approved the protocol; all patients gave written, informed consent.
Experimental Protocol
General Design
Each study patient received an intensive (five sessions weekly) manualized treatment (17) , consisting of behavioral activation, cognitive restructuring, and social skills training. In addition, the patients were randomly assigned to either the experimental group with SD or to the control group without SD. There were no differences between the two groups regarding their clinical characteristics ( Table 1 ). The study was carried out during 3 consecutive weeks. Treatment (six nights of total SD in the experimental group and 
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undisturbed night sleep in the control group) and measurements were conducted as follows: evening testing session regarding mood and pain measurements (7:00 PM) on day 1 with subsequent first treatment night and a morning testing session (8:00 AM) on day 2. This evening-morning sequence of measurements was chosen to avoid the effect of depressiogenic daytime naps after SD on our outcome variables. On day 4 to day 5, each patient underwent the same experimental condition, as just described. This sequence of treatments and measurements was repeated during the second (i.e., third and fourth treatment night from day 8 to 9 and 11 to 12, respectively) and third (i.e., fifth and sixth treatment night from day 15 to 16 and 18 to 19, respectively) treatment week ( Figure 1 ). Accordingly, treatment nights were separated by intervals of 2 to 3 days with normal (recovery) night sleep.
Experimental Treatment Conditions
SD was performed according to a standard protocol. A staff member monitored the patient and ensured that the patient stayed awake from 8:00 PM to 7:00 AM and was engaged in standardized activities (including conversation, watching television, going for a walk, or playing games). The subject's behavior was recorded each hour. The patient received breakfast before the morning testing session at 8.00 AM.
The protocol for the control group with undisturbed night sleep also started immediately after the evening testing at 8:00 PM Lights were turned off between 10:00 PM and 11:00 PM to enable sleep. Each patient of the control group was awakened at 7:00 AM, and breakfast was served before the morning measurements (8:00 AM).
Pain and Mood Parameters
Two groups of parameters were assessed: those targeting pain (i.e., sensitivity to noxious and nonnoxious stimuli, spontaneous pain) and those targeting mood and well-being. Furthermore, the sleep quality of the control group was used as control variable.
Sensitivity to noxious and nonnoxious stimuli: cold detection threshold (CDT), warmth detection threshold (WDT), cold pain threshold (CPT), and heat pain threshold (HPT) were determined in this order by using the method of limits with ascending stimulus intensities. A Thermal Sensory Analyser (TSA-2001, Medoc Ltd.) was used. The contact thermode (stimulation surface of 3.2 ϫ 3.2 cm
2 ) was attached to the center of the volar forearm. Beginning at a baseline temperature of 32.0°C, five stimuli were applied for each of the four thermal thresholds. To avoid tissue damage, the cutoff temperature was 52.0°C and 0°C, respectively. Subjects were instructed to press a button as soon as they felt a change in temperature (CDT and WDT) or the onset of pain sensation (CPT and HPT). To minimize artifacts due to reaction time, we used slow rates of temperature change (18) . This rate was Ϯ1°C/s for the two detection thresholds and Ϯ1.5°C/s for the two pain thresholds. Each time subjects pressed the button, the temperature returned to the baseline temperature, which was held constant until the next trial. CDT, WDT, CPT, and HPT were computed by averaging the temperature readings of the five successive stimuli designed for each threshold (relative to baseline in the case of the thermal detection thresholds, absolute in the case of the thermal pain thresholds). Current pain complaints (number of pain sites, their intensity, and unpleasantness) were assessed by a pain questionnaire, which was used in former studies on patients with depression (19) . For the present study, the instruction of the questionnaire was slightly adapted to evaluate exclusively current pain complaints. On two schematic drawings of the front and rear body, the subjects were asked to mark each location in which they currently experienced pain. This allowed for counts of the number of painful sites. Afterward, subjects were asked to rate the intensity and unpleasantness of pain for each site at separate horizontal visual analogue scales of 100 mm. To assess overall pain intensity and pain unpleasantness, the visual analogue scale ratings of all sites were summed for each of the two pain dimensions.
To evaluate acute effects of SD on mood and well-being, the Depression Scale (D-S) (20) and the Scale of Well-Being (Bf-S) (21) were administered at each evening and morning session. Both inventories are particularly designed to assess short-term variations of mood states. The D-S is a 16-item self-rating scale to evaluate the severity of depressive symptoms (not including pain complaints). More general aspects of emotional well-being (e.g., fatigue) and positive mood states (e.g., extraversion) are tracked in the self-rating Bf-S. The higher the score on each scale, the worse the patient's condition is at the time of evaluation.
Long-term changes of depressive symptoms during the course of treatment were assessed by the Beck Depression Inventory (BDI) (22) 
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behavioral treatment or in the evening and morning assessments performed HDRS. These scales were used at baseline and after each treatment week.
To control for sufficient night sleep in the control group, a sleep questionnaire was administered at the morning testing sessions to evaluate sleep quality during the preceding night. Although subjective measures of sleep quality are not as reliable as objective polysomnographic recordings, at least a few subjective sleep variables correspond with recorded objective sleep characteristics (24) . The questionnaire used consists of questions concerning sleep duration, sleep latency and frequency as well as duration of awakenings (25) . Furthermore, the questionnaire evaluates several subjective aspects of night sleep (calmness, depth, restfulness) by ratings on a bipolar 5-point Likert scale (e.g., depth of sleep: ϩ2 ϭ "very deep"; ϩ1 ϭ "deep"; 0 ϭ "balanced"; Ϫ1 ϭ "superficial"; Ϫ2 ϭ "very superficial").
Statistical Analysis
Data were analyzed using SPSS, version 11.0 (SPSS Inc., Chicago, IL). Results are presented as mean and standard error of the mean. Changes in pain parameters and mood (D-S, Bf-S) between the groups and over time were analyzed with an analysis of variance (ANOVA) for repeated measurements with one between-subject factor ("treatment" ϭ SD therapy) and two withinsubject factors, which should evaluate "short-term" (from evening to morning of each treatment night) or "long-term" (over the 3 weeks of treatment) effects.
Weekly obtained parameters of mood and well-being (HDRS, BDI) were analyzed by an ANOVA with one between-subject factor ("treatment" ϭ SD therapy) and one within-subject factor ("time"), which evaluate treatment and time-related changes from the baseline week over the following 3 weeks. In all analyses, the factor "treatment" refers to comparisons between SD and control nights.
In the case of Mauchley's test of sphericity being significant, adjusted degrees of freedom according Greenhouse-Geisser (GG) were used. Post hoc pair-wise comparisons were performed using t-tests for dependent samples to detect differences across time.
Additionally, correlation (Pearson) analyses for all patients were computed to determine how overnight changes of mood were related to those of pain. For this purpose, difference scores for each separate treatment night (morning scoresevening scores) were used. The significance level was set at ␣ Ͻ 0.05.
Data from the sleep questionnaire were analyzed descriptively.
RESULTS
Treatment Effects on Affective Symptoms
A marked improvement in the core symptoms of depression assessed weekly was observed from baseline week to the final assessment after the third week of treatment ( Figure 2 ). ANOVA revealed a significant main effect for "time" in HDRS (F(3,51) ϭ 29.647; p Ͻ .001) and BDI (GG corrected F(1.806,30.7) ϭ 8.042; p ϭ .002), but no main effect for "treatment" (SD therapy) (F(1,17) ϭ 0.014; p ϭ .91 for HDRS and F(1,17) ϭ 0.204; p ϭ .63 for BDI, respectively). Post hoc analyses for HDRS by using pooled data from both groups showed a substantial decrease of depressive symptoms from week 0 (baseline) to the end of treatment week 1 (t ϭ 4.868; df ϭ 18; p Ͻ .001) and slighter but continuous reductions over the further course of treatment (week 1 versus week 2: t ϭ 2.267; df ϭ 18; p ϭ .04; week 2 versus week 3: t ϭ 2.177; df ϭ 18; p ϭ .04). A significant reduction of the BDI scores was only detected from baseline to the end of the first treatment week (t ϭ 4.817; df ϭ 18; p Ͻ .001) whereas the differences between the following measurements remained insignificant. Because there was no interaction between "treatment" and "time" (HDRS: F(3,51) ϭ 0.429; p ϭ .73; BDI: GG corrected F(1.806,30.7) ϭ 0.775; p ϭ .46), an additional long-term benefit of SD therapy was not found.
Based on the measurements of current mood and wellbeing during evening and morning sessions, a moderate but statistically nonsignificant effect of SD, as indicated by a close to significance ANOVA interaction between "treatment" (SD therapy) and the within-factor "short-term" (F(1,17) ϭ 4.293; p ϭ .05), was found for the D-S. As shown in Figure 3 , patients who underwent SD developed an overnight amelioration of depressive mood in comparison to patients with undisturbed night sleep. Although overnight improvement of mood after SD was evident in each single night, t tests evaluating changes from evening to morning in the SD group showed a significant reduction of D-S scores only during the first treatment night (day 1 versus 2: t ϭ 2.363; df ϭ 8; p ϭ .046). Compared with the SD group, the evening-morning differences in the control group were characterized by smaller 
SLEEP DEPRIVATION AFFECTS PAIN IN DEPRESSION
changes or by changes in the opposite direction. The Bf-S ratings revealed a similar overnight pattern, although to a lesser extent. This was indicated by an insignificant ANOVA interaction between "treatment" and the within-factor "shortterm" (F(1,17) ϭ 2.087; p ϭ .17).
In contrast to the findings based on the weekly assessments of depressive symptoms (HDRS and BDI), the main effect of time ("long-term") for the parameters of current mood was less evident. A statistically nonsignificant effect was noted for the D-S data (GG corrected F(2.479,42.150) ϭ 2.748; p ϭ .06), for which post hoc analyses using pooled data (for both groups as well as for the evening and morning sessions) revealed a significant reduction of depressive mood from day 1/2 to day 8/9 (t ϭ 2.123; df ϭ 18; p ϭ .048), 11/12 (t ϭ 2.523; df ϭ 18; p ϭ .02) and 18/19 (t ϭ 2.255; df ϭ 18; p ϭ .04), respectively. No main effect "long-term" (F(5,85) ϭ 1.740; p ϭ .13) and therefore no such significant differences in post hoc analyses were found for the Bf-S.
Treatment Effects on Pain and Somatosensory Thresholds
As shown in Figure 4 , SD decreased thermal pain thresholds from evening to the following morning during the course of six treatment nights, whereas a clearly different pattern was found under the condition of undisturbed night sleep.
For HPT, the two-way interaction between "treatment" and "short-term" was found to be highly significant (F(1,17) ϭ 11.072; p ϭ .004). The SD group showed an overnight decrease of HPT during each single treatment night. Post hoc analyses, comparing the evening and morning values, revealed a significant decrease of HPT in the course of the first night (day 1 versus 2: t ϭ 2.568: df ϭ 8; p ϭ .03) but nonsignificant decreases during the further nights the second (day 4 versus 5: t ϭ 1.694; df ϭ 8; p ϭ .13), third (day 8 versus 9: t ϭ 1.771; df ϭ 8; p ϭ .11), fourth (day 11 versus 12: t ϭ 2.136; df ϭ 8; p ϭ .07), fifth (day 15 versus 16: t ϭ 0.657; df ϭ 8; p ϭ .53) and sixth (day 18 versus 19: t ϭ 2.041; df ϭ 8; p ϭ .08) SD night. In marked contrast to the experimental SD group, the control group presented an increase of HPT from evening to morning during almost all nights. However, post hoc analyses failed to confirm significant differences (all p values above .10). Further within-comparisons for the SD group suggested increases of HPT from the morning after SD to the evening values before the next SD (i.e., after recovery sleep), but these differences failed to reach statistical significance (day 2 versus 4: t ϭ Ϫ1.843; df ϭ 8; p ϭ .10; day 5 versus 8: t ϭ Ϫ2.155; df ϭ 8; p ϭ .06; day 12 versus 15: t ϭ Ϫ1.967; df ϭ 8; p ϭ .09; day 16 versus 18: t ϭ Ϫ2.267; df ϭ 8; p ϭ .05) with one exception (day 9 versus 11: t ϭ Ϫ2.949; df ϭ 8; p ϭ .02). The regular return to the starting level emphasizes that the effect of SD on HPT was only short-term. Furthermore, a significant "long-term" effect (GG corrected F(3.387,57.580) ϭ 3.391; p ϭ .008) indicated a continuous and SD-independent increase of HPT in the course of the 3 weeks of treatment. Pair-wise comparisons with pooled data revealed that HPT in the third week of treatment were-with a small exception-significantly higher than during the initial stages of treatment (day 1/2 versus day 15/16: t ϭ Ϫ2.080; df ϭ 18; p ϭ .05; day 1/2 versus day 18/19: t ϭ Ϫ2.130; df ϭ 18; p ϭ .047; day 4/5 versus day 15/16: t ϭ Ϫ4.327; df ϭ 18; p Ͻ .001; day 4/5 versus day 18/19: t ϭ Ϫ2.557; df ϭ 18; p ϭ .02).
The statistical analysis of CPT produced a similar pattern of results although it was limited by the fact that only some of the patients (n ϭ 11) consistently developed a sensation of cold pain above the lower temperature cutoff at 0°C. Missing data did not stem systematically from specific treatment conditions (five patients in SD group versus four patients in control group) or times of measurement. SD produced an overnight decrease of CPT whereas a change in the opposite
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Figure 3. Self-ratings of mood and well-being (mean Ϯ SEM) on the evening before and the morning after sleep deprivation or control night.
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direction was apparent under the condition of undisturbed night sleep (Figure 4 ). However, an interaction between "treatment" and within-factor "short-term" remained insignificant (F(1,9) ϭ 4.402; p ϭ .07). After recovery nights, CPT returned to pretreatment levels in the SD group as indicated by consistent but statistically insignificant changes. Interestingly, the "long-term" effect on CPT was similar to that of HPT. As shown in Figure 4 , both treatment groups developed a continuous but statistically nonsignificant increase of CPT during the study period ("long- Although the data on thermal pain thresholds indicate a substantial overnight decrease caused by SD, such an effect was not observed for detection thresholds for warmth and cold ( Figure 5 ). The interaction effect between "treatment" and within-factor "short-term" remained clearly nonsignificant for the CDT (F(1,17) ϭ 0.178; p ϭ .68) and WDT (F(1,17) ϭ 0.598; p ϭ .45). Furthermore, CDT and WDT remained nearly unchanged over the six treatment nights ("long-term": GG corrected F (2.196,37 .324) ϭ 1.198; p ϭ .32 and F(5,85) ϭ 0.738; p ϭ .60, respectively).
Treatment Effects on Pain Complaints
As shown in Figure 6 , SD increased the number of pain sites and the ratings of unpleasantness after nearly every night. These overnight changes were statistically expressed in a significant ANOVA interaction between "treatment" and withinfactor "short-term" (number of painful sites: (F(1,17) ϭ 5.424; p ϭ .03, rating of unpleasantness: (F(1,17) ϭ 6.253; p ϭ .02)). In a similar manner as described for HPT and CPT, the increased number of pain sites as well as the more pronounced ratings of unpleasantness after SD were transient and annulled by recovery sleep. All "short-term" effects described were only significant in the overall analyses by ANOVA but failed significance in the post hoc analyses for single effects. A similar pattern of results was obtained by ANOVA for the ratings of pain intensity but failed to reach statistical significance for the interaction between "treatment" and "short-term" effects (F(1,17) ϭ 4.029; p ϭ .06). Apart from these "short-term" effects of SD, no "long-term" time effects on the subjective pain ratings were detected (number of painful sites: GG corrected F (3.268,55.563 
Correlation Analysis Between Overnight Changes of Mood and Pain
The correlation coefficients between the changes (eveningmorning differences) of mood (D-S, Bf-S) and HPT were weak (ranging between Ϫ0.171 and 0.400) and insignificant (all p Ͼ .05). There were also insignificant correlations between the overnight changes of mood and CPT (ranging between Ϫ0.410 and 0.481; all p Ͼ .05), except for substantial and significant negative correlations between changes of mood and CPT in the course of the third (r ϭ Ϫ0.612 for D-S, r ϭ Ϫ0.585 for Bf-S; each with p Ͻ .05) and the fifth treatment night (r ϭ Ϫ0.632 for D-S, r ϭ Ϫ0.782 for Bf-S; each with p Ͻ .05). Strong statistically significant correlations between overnight changes of mood and subjective measures
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Evening (01) Morning (02) Evening (04) Morning (05) Evening (08) Morning (09) Evening (11) Morning (12) Evening (15) Morning (16) Evening (18) Morning ( Time of measurement (day number) Time of measurement (day number) Figure 4 . Thermal pain thresholds (mean Ϯ SEM) on the evening before and the morning after sleep deprivation or control night. Bars represent the absolute threshold temperature, i.e., decreased heat pain threshold are indicated by lowered temperature values, whereas decreasing cold pain thresholds are expressed in elevated temperature values.
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of pain (number of sites, unpleasantness, intensity), ranging from 0.405 to 0.799 (p Ͻ .1 and p Ͻ .001, respectively), were only obtained for the fourth treatment night, indicating that mood improvement just during this night was associated with an alleviation of pain complaints.
Subjective Sleep Quality of Control Group
The subjective ratings of sleep quality revealed that patients of the control group experienced sufficient night sleep during the six nights. Mean sleep duration of the six control nights ranged from 7.4 to 6.7 hours, whereas the averaged sleep latency ranged between 34.3 and 74.5 minutes. The mean frequency of awakenings was minimal 0.8 and maximal 2.1 per night with a duration of awakenings during nighttime ranging from 27.5 to 56.5 minutes. The results of the Likert scale ratings (calmness, depth, and restfulness of sleep) showed that at most six patients per night expressed estimations below the neutral category, indicating a trend toward reduced sleep quality. Descriptively, a change of the subjective sleep characteristics in the course of the treatment period was not observed.
Warmth detection threshold (WDT)
Evening (01) Morning (02) Evening (04) Morning (05) Evening (08) Morning (09) Evening (11) Morning (12) Evening (15) Morning (16) Evening (18) Morning (19) Temperature 
Cold detection threshold (CDT)
Evening (01) Morning (02) Evening (04) Morning (05) Evening (08) Morning (09) Evening (11) Morning (12) Evening (15) Morning (16) Evening (18) Morning ( Time of measurement (day number) Time of measurement (day number) Figure 5 . Thermal detection thresholds (mean Ϯ SEM) on the evening before and the morning after sleep deprivation or control night.
Number of current painful sites
Unpleasantness of pain complaints
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SD therapy is well known for its fast but transient effects on core symptoms of depression. Thus, it is an ideal tool to study the intraindividual linkage between mood and pain during short-term periods of improvement of depressive symptoms.
Compared with the control group with undisturbed sleep, our sleep-deprived patients experienced a moderate but statistically nonsignificant overnight improvement of mood, which was transient and annulled by recovery sleep. The fact that this effect of SD failed to reach statistical significance is probably due to a small sample size (i.e., low statistical power), which represents a limitation of our study. Because our study was primarily designed to evaluate short-term effects of SD by assessing evening-morning changes, data regarding the later daytime course of mood (e.g., on evening after treatment night) cannot be provided. Therefore, it cannot be excluded that a more robust mood response-possibly in a subgroup of patients-occurred later in the day.
All patients similarly showed a significant decline of depressive symptoms as evidenced by the weekly assessments over the 3 weeks of cognitive-behavioral therapy, although a mild to moderate severity of depressive symptoms was still present after treatment. SD did not add substantially to the long-term alleviation of depressive symptoms in the course of cognitive-behavioral therapy. This finding is not surprising given the high rates of relapses occurring after recovery sleep, which is in accordance with the literature (15) . Although a few studies suggest a sustained antidepressive response after monotherapy with repeated SD (e.g., (26) ), only combination treatments such as with lithium or light therapy have been clearly shown to attenuate relapses after recovery sleep after SD (15) . In summary, we observed moderate but nonsignificant short-term and substantial long-term variations in the intensity of affective symptoms, which was a prerequisite for our investigation of covariation with pain parameters.
Because the primary aim of the study was to examine the short-term effects of SD on affective symptoms and pain in depression, the issue of how the overnight improvement of mood was accompanied by changes in the pain parameters is discussed first. SD produced a reduction of pain thresholds and an increase in clinical pain complaints. A significant effect of SD was observed on HPTs (i.e., decreasing HPT) but a similar overnight change pattern was also found for CPTs (i.e., decreasing CPT). Due to missing data, leading to a further reduction of statistical power, CPT findings presumably failed to reach statistical significance; another reason may be the lower reliability of this parameter (27) .
With regard to the impact of short-term clinical improvement of depression on pain sensitivity, our findings cannot be compared with other studies because no study has yet investigated such effects. It remains speculative whether the induced enhanced pain sensitivity indicates a transient normalization from a decreased responsiveness to noxious stimuli. Because our experimental design did not include a nonclinical control group, we do not know whether the pain thresholds of our patients would have differed before or after SD from those of healthy individuals. However, the assumption of an initially decreased heat pain sensitivity in our sample is well-supported by a number of studies in depressive patients which reveal a hypoalgesic response to noxious thermal stimuli similar to those applied in the present study (4) .
One might conclude that the observed overnight effects on pain sensitivity are tightly linked to the amelioration of symptoms of depression produced by SD. The idea of a linkage between short-term changes of mood and pain sensitivity in depression is also supported by the finding that recovery sleep induced simultaneously a relapse of mood toward depression and a change of pain sensitivity toward the starting level before SD. On the other hand, our data also provide evidence that the overnight change of mood was not strongly related to changes of pain sensitivity, as indicated by mainly weak correlations between short-term changes of mood and pain sensitivity. Furthermore, studies performed on healthy subjects revealed that SD also produces short-term hyperalgesic effects (for a review, see (28) ), which vanished after recovery sleep (29, 30) although no change or even a deterioration of mood after SD were reported (31) . Based on these findings of hyperalgesic changes induced by SD, which were obtained in responses to phasic and tonic pain stimuli, one might conclude that this effect does not depend either on the initial psychopathology or on the mood change after SD.
In contrast to the measures of thermal pain thresholds, SD did not affect WDT and CDT. This observation emphasizes that the enhanced responsiveness after SD was specific for noxious stimuli, which agrees with our previous study on healthy subjects (30) .
The short-term effects of SD on pain complaints consisted of a significantly increased frequency of pain sites as well as enhanced ratings of unpleasantness of pain complaints, whereas increased ratings of pain intensity failed to reach statistical significance. The overnight increase of pain complaints under SD was transient and vanished after recovery sleep, a temporal pattern, which was similarly observed for the measures of pain sensitivity. Accordingly, the patients experienced themselves as more affected by pain just in a phase of mood improvement. When comparing these results with SD studies in healthy subjects, it is of interest to note that an augmentation of pain complaints was first observed after three consecutive nights of selective SD (32, 33) . Therefore, one can assume that patients with depression are especially vulnerable to SD in respect to the mediation of clinical pain. This implicates that a transient development or augmentation of pain is-like daytime sleepiness or hypomanic episodes-a potential adverse side effect of SD therapy, but this finding should be viewed as preliminary which requires further confirmation.
How can the increase in clinical pain be explained? An explanation might be that the transiently enhanced pain sensitivity contributes to the augmentation of clinical pain. However, the cross-sectional weak correlations between clinical pain measures and pain thresholds in patients with depression (19) do not support this explanation.
Our findings are further evidence for a differential effect of antidepressant therapy on core symptoms of depression and pain. Regarding short-term effects, the overnight changes of mood were not consistently correlated with those of pain sensitivity and pain complaints. Concerning long-term changes, affective symptoms of depression markedly diminished whereas pain thresholds showed a gradual and significant increase toward the end of the study period; the various measures of pain complaints, however, remained nearly unchanged. As to the successive decrease of heat pain sensitivity during the 3-week treatment period, it is likely that this observation reflects an adaptation to noxious thermal stimuli due to the frequently conducted threshold assessments but no change in pathophysiology of depression. Nevertheless, this pattern of findings suggests that an improvement of mood in the course of cognitive-behavioral therapy was definitely not accompanied by a similar amelioration of pain processing, i.e., a normalization of pain thresholds from increased starting levels and a decline of clinical pain. The affective and pain symptoms of depression seem to follow different short-term and long-term courses. Thus, our study provides further evidence that effects of antidepressant treatment on mood have to be differentiated from their analgesic actions. The latter apparently holds true for both, patients with depression and patients with chronic painful conditions (34) .
With regard to the underlying mechanisms, SD is assumed to exert its antidepressive effect among others via an enhanced serotoninergic neurotransmission (35) . In view of numerous experimental and clinical reports, highlighting the role of serotonin for antinocicepive actions, our finding of increased pain after SD seems contradictory to this idea. On the other hand, several studies suggest that serotonin is not only involved in pain inhibitory mechanisms, but also in pronocipective actions depending on the receptor subtype it acts on (for a review, see (36) ). Thus, the underlying neurobiologic mechanisms, by which SD produces differential effects on mood and pain, remain unclear and could not be clarified by the present design. Hence, further studies are necessary to investigate the longitudinal relationship of pain sensitivity, clinical pain complaints, and mood under treatments with definite specificity for certain neurobiologic mechanisms of action.
